A cross-sectional study was conducted on HIV-infected adults being treated with antiretroviral drugs at a reference service in Southern Brazil. Participants answered a sociodemographic questionnaire and were tested by scales assessing sociocognitive variables. Adherence to treatment was assessed by a self-report inventory developed for the study. Clinical information was obtained from the patients' records. Significance tests were conducted using univariate logistic regressions followed by multivariate logistic regression analysis. A total of 195 patients participated in the study and 56.9% of them reported ³95% adherence on the previous two days. In univariate analysis, the odds of adherence increased with self-efficacy (a person's conviction that he/she can successfully execute the behavior required to produce a certain desired outcome) in taking medications as prescribed (OR = 3.50, 95% CI 1.90-6.55), and decreased with perception of negative affect and physical concerns (OR = 0.71, 95% CI 0.53-0.95). The odds were lower for taking antiretroviral medications >4 times a day (OR = 0.44, 95% CI 0.20-0.94) and higher for patients with 8 years of schooling (OR = 2.28, 95% CI 1.12-4.66). In the multivariate analysis, self-efficacy (OR = 3.33, 95% CI 1.69-6.56) and taking medication >4 times a day (OR = 0.34, 95% CI 0.14-0.80) were independently associated with adherence. Self-efficacy was the most important predictor of adherence, followed by number of times antiretroviral medication was taken per day. Among sociodemographic and clinical variables, only the number of years of schooling was associated with adherence. Motivational interventions based on self-efficacy may be useful for increasing treatment adherence.
Introduction
The advent of highly active antiretroviral treatment has dramatically improved the prognosis for HIV-positive patients, substantially reducing the rate of disease progression and death (1) (2) (3) (4) . Adherence to antiretroviral therapy, however, is critically important for the success of the therapy. The study by Paterson et al. (5) suggests that near-perfect adherence, i.e., higher than 95%, is necessary to achieve suppression of HIV replication (HIV-RNA <400 copies/ml). Inadequate viral suppression resulting from failure to adhere closely to treatment (5-10) causes a worsening of immunological and clinical states and leads to emergence of drug-resistant HIV strains (11, 12) .
Many factors have been studied for their association with the behavior of taking antiretroviral medication correctly. Sociodemographic characteristics were not associated with adherence in some studies (13) (14) (15) (16) (17) . The following factors have been associated with nonadherence in a number of studies: sociodemographic characteristics such as younger age (5, 18, 19) , African ascendance (20, 21) , low income (21, 22) , low levels of schooling (22, 23) and psychological factors such as depression (19, 20, 24) , high levels of stress (17, 20) , psychiatric conditions (5, 20) , excessive drinking (16, 17, 25) , and drug use (16, 17, 19) . Some studies also suggest that nonadherence tends to increase with the number of times medications must be taken per day (14, 26) and the number of different medications (21) . Patients who are experiencing adverse effects are less likely to adhere than patients who are tolerating the medication (27, 28) .
Some studies have investigated patient attitudes towards antiretroviral treatment. The perceived convenience of the antiretroviral regimen, or "fit" with routine and daily activities was associated with better adherence (10) . Patients who were less sure of the link between nonadherence and the development of drug resistance were less adherent (17) . Selfefficacy expectations (29) of antiretroviral therapy may be a promising aspect of patient attitude towards treatment. Cross-sectional studies (10, 14, 17, 24) have suggested that low levels of self-efficacy expectation to take medication as prescribed were associated with nonadherence to antiretroviral therapy. A prospective randomized two-arm controlled study (25) showed that a specific educative intervention increased maintenance of high levels of adherence during one-year follow-up. In this prospective study, perceived self-efficacy and effort to take medication were associated with a high-level adherence one year after beginning therapy.
The present study investigated factors which may be associated with adherence among HIV-infected patients in Southern Brazil. The identification of factors associated with adherence may provide the basis for future interventions to increase the effectiveness of this type of therapy.
Material and Methods
A cross-sectional study was conducted at a publicly funded specialist clinic in the city of Pelotas (Southern Brazil) where medical care is delivered free of charge. Patients aged 13 or above who had initiated antiretroviral therapy between January 1998 and September 2000 were selected for the study. Patients were approached by trained interviewers in the clinic. Those not attending the service regularly were reached through home visits and interviewed. The research plan was approved by the University Ethics Committee and all patients signed an informed consent document before participating in the study. The interviewers were not aware of the antiretroviral medication prescribed to the patients.
Patients answered a questionnaire investigating sociodemographic characteristics such as age, gender, education and family income, and other structured questionnaires assessing the following attitudes towards treatment: adherence to antiretroviral therapy, self-efficacy expectations for adherence to antiretroviral therapy, outcome expectations of antiretroviral therapy, and perceptions of negative affects and physical concerns. The self-efficacy and the outcome expectation questionnaires were created by de-Carvalho-Leite et al. (30) , and the questionnaires on adherence and perceptions of negative affects and physical concerns were developed for this study.
Adherence to antiretroviral therapy in the previous 48 h of the interview was measured by self-report. Initially, the percent of adherence was calculated for each drug by dividing the number of pills taken by the number of pills prescribed. Then, the percent of adherence to the antiretroviral regimen was estimated by the average of adherence to the drugs. Patients who reported an intake of 95% or more of the prescribed medication were considered to be adherent.
Self-efficacy expectations for adherence to antiretroviral therapy (personal confidence in the ability to adhere to antiretroviral medication) were measured using a 21-item questionnaire: "When I feel very healthy", "When my viral load is very low (undetectable)", "When I am feeling depressed or disliked", "When I am feeling discriminated or rejected", "When I am busy or having a good time", "While traveling", "When I am away from home", "When I feel very ill", "When somebody is with me and I don't want my HIV status disclosed", "When I have too many pills to take", "When I am feeling angry inside or nervous", "When I have to take pills many times a day", "While strangers are watching me", "When the pills are difficult to swallow", "During the weekend or holidays", "When my meals or sleep times are changed because of the treatment schedules", "When the pills taste or smell bad", "When my daily routine is changed because I am doing other things", "When somebody tells me that to take these pills is foolish", "When I feel that the drug is toxic/harmful (the drug has adverse effects)", "When my attending physician is changed frequently". For each item the patient indicated on a Likert scale (coded from 0 to 4), how confident they were that they would take the medication as prescribed, during the next month. The internal consistency (Cronbach's a) of the HIV-medication selfefficacy scale was 0.93, suggesting very high reliability.
Outcome expectations of antiretroviral therapy were measured using a 11-item questionnaire assessing positive outcome expectations (5 items on positive affects on health) and negative outcome expectations (6 items on side effects, interference with daily routines and having one's HIV status disclosed). The items assessing positive outcome expectations are: "I will be taking the best pills for my disease", "My laboratory exams will be good", "My health will be protected", "My appearance will be good and healthy", "My life will be prolonged". The items assessing the negative outcome expectations are: "I will have some adverse drug effects", "Some people will discover my HIV status", "I will have to put up with somebody asking me why I am taking pills", "The treatment will change my daily routine especially when the time of taking pills coincides with my meals or bedtime", "Before leaving home I will spend time organizing myself to take the pills according to schedule", "I will have difficulty in swallowing pills". Patients indicated on a Likert scale (coded from 0 to 4) how much they agree that the situation described in the item will occur if the medication is taken according to prescription. The internal consistency (Cronbach's a) of these subscales was 0.79 and 0.62, respectively, suggesting acceptable reliability. Perceptions of negative affects and physical concerns were measured using a scale developed in the same study that generated the previous scales and that includes five items: "I have been feeling sad and down", "I have been nervous and irritable", "I have been feeling unwell", "I have had trouble getting things done", and "I feel weak and sick". A Likert scale was added to each of these items using the same coding and alternatives as the treatment outcome expectation scale. The Cronbach a index for this scale was 0.75, indicating acceptable reliability.
The scores of the scales for self-efficacy expectation and perception of negative affects and physical concerns were obtained using the first principal component of an exploratory factor analysis by the regression method. For the outcome expectation scales, the principal component analysis with oblique rotation showed that the negative items loaded highly (>0.45) on the first factor, and the positive items loaded highly on the second one. Scores for the positive and negative outcome expectations were obtained by the extraction of these factors using the same regression method.
Information about current antiretroviral regimen, clinical condition, and prophylaxis and/or treatment of opportunistic infections and the lowest level of CD4 was obtained from medical records.
After the interviews, the subjects provided blood samples for plasma HIV RNA determination and CD4 lymphocyte counts. Quantitative plasma HIV RNA levels were determined using nucleic acid sequencebased amplification (31) with a lower limit of 80 copies/ml CD4 lymphocytes were counted by flow cytometry. All information was entered into the database twice, by different persons, using the Epi Info 6.0 software.
Statistical analysis
Adherence and nonadherence rates were estimated for each category of the independent variables, sociodemographic and clinical. The means and standard deviations of continuous independent variables, sociocognitive variables and perception of negative affects and physical concerns, were calculated for adherent and nonadherent patients. Comparisons of all variables and of adherence were made using odds ratios (OR) with 95% confidence intervals. The dependent variable was ³95% adherence versus <95% adherence. HIV RNA measurements were compared with the self-reported adherence as a means of supporting the validity of the self-reports.
The independent predictors of adherence were assessed using a sequence of two multivariate logistic regression models employing the SPSS 8.0 software: initially, a model was set up with adjustments for sociodemographic, clinical and antiretroviral regimen variables; next, a second model was constructed by taking sociodemographic, clinical, antiretroviral regimen and four cognitive variables into account. Variables selected for inclusion in subsequent models were based on their significance (e.g., P<0.2) in bivariate analyses or in a prior model.
Results
Of the 232 patients selected, 195 were included in the study, 10 had died and 27 were not located. The characteristics of the patients studied are summarized in Table 1 . Of the 195 patients in the study, 119 were men, ranging in age from 17 to 67 years of the antiretroviral medication taken on the last two days, corresponded to 56.9% of the subjects. These patients had a greater prevalence of viral load of less than 500 copies/ ml, i.e., 67.5% as opposed to 31.5% among nonadherent patients (c 2 = 16.57, P<0.001). Among the sociodemographic variables (Table 2) , schooling was associated with better adherence, with an increase in rates of adherence with increasing schooling levels (test for trend, P = 0.02). Age, gender or family income was not associated with reported ³95% adherence. Among clinical and regimen characteristic variables (Table 3) , frequency of medication ingestion was associated with adherence to antiretroviral therapy; patients taking antiretroviral medications >4 times/day reported lower adherence than patients with antiretroviral medications taken twice a day (OR = 0.44, 95% CI 0.20-0.94). The rate of adherence to antiretroviral treatment decreased with increasing numbers of time per day when antiretroviral medication had to be taken (test for trend, P = 0.03). Stage of disease (CDC), time when antiretroviral therapy was started or perceived adverse drug effects was not associated with adherence. Table 4 presents sociocognitive variables (means ± SD) for adherent and nonadherent patients and odds ratios, both crude and adjusted for sociodemographic, clinical, and sociocognitive variables. Self-efficacy expectation, the perception of negative affects and physical concerns were associated with adherence. The self-efficacy scores were higher among the patients who were adherent to antiretroviral treatment (t-test, P<0.001), while the average scores of perception of negative affects and physical concerns were higher among the nonadherent patients (t-test, P = 0.02). Two multiple logistic regression models were used to assess the independent predictors of adherence. Initially, analysis was carried out adjusted for sociodemographic (age, gender, years of schooling, family income), clinical (CDC group), and regimen characteristic variables. At this level, years of schooling (Table 2 , adjusted a) and number of times per day when antiretroviral medication had to be taken (Table 3, adjusted b) were associated with adherence to antiretroviral therapy.
The sociocognitive variables were then added to the model adjusted by years of schooling and number of times per day when antiretroviral medication had to be taken (Table 4 ). In this final adjusted model, the odds of adherence were 3.33 times greater when self-efficacy scores increased by one unit. Perceptions of negative affects and physical concerns were not statistically significant, demonstrating a lack of evidence for their effect on adherence to antiretroviral therapy.
Discussion
The objective of this study was to investigate associations between the adherence to antiretroviral therapy and sociodemographic, clinical, and sociocognitive variables. It was limitated by its cross-sectional design, i.e., the associations could not be interpreted as causal; also, there is no knowledge about the temporal relationships between independent variables and outcome, concerning sociocognitive variables. Although comparable with other studies (16, 19) , the prevalence of adherence to treatment in the present study was low (56.9%). There was a significant association between adherence and viral load below 500 copies/ml, thus further validating the adherence self-report measure. This method has frequently been employed in antiretroviral research (10, 14, 16, 17, 19, 22, 26) due to its practicality, low cost, and to the fact that the adherence detected by it has proved to be related to viremia below detection limits (9, 10, 16, 17) and to serum levels of protease inhibitors (32) .
Similar to the results of other studies (13) (14) (15) (16) (17) , there was no evidence for the association between sociodemographic characteristics gender, age, and income and adherence to antiretroviral medication. In our study, the prevalence of adherence increased with the number of years of schooling. More than eight years of schooling and adherence were associated even after adjustment for other sociodemographic and clinical variables. After adding self-efficacy expectations to the model, schooling of more than eight years was no longer statistically significant, probably because education is a determinant of self-efficacy. In the present study, patients with more years of schooling had higher self-efficacy scores than those with fewer years of schooling. Indeed, a fundamental goal of education is to equip the individual with the ability to plan, to organize instructive activities, and to integrate new information to previous knowledge (33) . Similar to the results of other studies (10, 19, 22, 23) , patients with more years of schooling showed a greater prevalence of adherence to treatment.
Among the clinical and regimen characteristic variables, only the number of times per day antiretroviral medication had to be taken was associated with adherence, in agreement with other studies and reviews (22, 26, 27) . The greater the number of doses to be taken per day, the more difficult is treatment adaptation. This has been reported by patients as a reason for missing doses (17, 21, 34) .
There was no evidence of association between adherence and the expectations of positive or negative outcomes of treatment, while self-efficacy expectations had strong and positive effects. These results support Bandura's (33) social-learning theory hypothesis that self-efficacy expectation is a more central determinant of adherence to health behaviors than outcome expectation. People act on their beliefs about what they can do as well as their beliefs about the likely effects of various actions. The potential motivating effects of the outcome expectations of a particular health behavior (i.e., adherence to antiretroviral treatment) is partly governed by beliefs in personal capabilities. There are many activities that, if done well, guarantee valued outcomes, but they are not likely to be pursued by people who doubt they can do what it takes to succeed. Conversely, firm belief in one's efficacy can sustain efforts over prolonged periods of time even in view of an uncertain or repeated negative outcome (33) .
The perception of negative affects and physical concerns was inversely associated with nonadherence in the unadjusted model, in agreement with other studies showing that depression, stress and psychiatric conditions are risk factors for non-adherence (5, 17, 19, 20, 24) . Furthermore, the evidence for association between negative affects and physical concerns and self-efficacy expectation supports the view that physical and emotional conditions at the time of performing a behavior are one of the sources of self-efficacy expectation (33) .
In the multivariate analysis, self-efficacy expectation was the variable most strongly associated with adherence. This association was also reported in other studies (10, 14, 17, 24, 25) . In agreement with Bandura's sociocognitive theory (33) , individuals who do not believe in their ability to adhere to treatment would tend to make less effort towards adopting measures to facilitate adherence or to modify behaviors which increase the risk of nonadherence. Self-efficacy expectation may influence adherence by acting on motivational, cognitive, and emotional processes, thus changing the meaning and value of external influences, the evaluation of the consequences of following treatment, and treatment-related choices.
Self-efficacy expectation has been widely used to understand and intervene in compliance with health-protecting behaviors related to AIDS prevention (35, 36) , management of chronic diseases (37) , and positivehealth behaviors (38, 39 ). An intervention study was carried out based on Bandura's social-learning theory regarding treatment of HIV-infected patients (25) . The study showed an increase in the adherence to antiretroviral treatment as patient self-efficacy expectation increased. Interventions like this act on self-efficacy by identifying high-risk situations for nonadherence and providing psychological and instrumental support for the patients.
The sociocognitive questionnaires (30) used in the present study may be useful for the clinical assessment of HIV patients. Patient resources to cope successfully with high-risk situations for nonadherence to treatment can be identified, and those with low levels of self-efficacy in taking the antiretroviral medication may be supported by interventions in situations in which their ability to adhere is weak.
